Datasets that represent historical sources are relative newcomers in the Linked Open Data (LOD) cloud. Following the standard LOD practices for publishing historical sources raises several questions: how can we distinguish between RDF graphs of primary and secondary sources? Should we treat archived and online RDF graphs differently in historical research? How do we deal with change and immutability of a triplified History? To answer these fundamental questions, we model historical primary and secondary sources using the OntoClean metaproperties and the theories of perdurance and endurance. We then use this model to give a definition of Linked Historical Data. We advocate a set of publishing practices for Linked Historical Data that preserve the ontological properties of historical sources.
Historical Sources as RDF Graphs
Historical sources have traditionally been encoded in different formats: from papyrus to digital images, through books, tapes, photographs and newspapers. It is not difficult to see the benefits of publishing historical sources as Linked Open Data [7] . However, it is unclear whether standard Linked Data modeling and publication pipelines are suitable for historical sources. If the Semantic Web is to serve as both paradigm and infrastructure for conducting historical research on the Web, it is fundamental to address the representation of historical sources and to understand their essential ontological properties. In this paper we are interested in modeling the essential ontological properties of historical sources in order to make explicit to what extent current methodologies are adequate.
Independence and reliability of sources are fundamental issues historians take into account in scholarly writing [5] . To address these, historians distinguish between primary and secondary sources. Primary sources are "original materials created at the time under study that have not been altered or distorted in any way" [2,1]; e.g. the diary of Anne Frank (1947) or the Dutch historical censuses (1795-1971) 1 . Secondary sources are "documents that relate or discuss information originally presented elsewhere, written after the fact with the benefit of hindsight" [1]; e.g. socio-historical analysis on the content of the Dutch historical censuses [8] . A fundamental difference between the two is that primary sources must be immutable: they cannot be altered once they are created. Traditionally, immutability of sources is achieved through archiving them, either as books (in a library or book archive), as physical objects (in a museum archive), or more recently as digital objects and preserved Linked Data (in a digital archive). The archive is the authority that protects the primary source from change, providing independence and reliability. As a consequence, primary sources are always inevitably detached to some extent from their original context. Secondary sources are attempts from historians to recreate this context.
A strict requirement then is that RDF graphs of primary sources need to be immutable as well. But how does RDF deal with change over time [9] ?
Intuitively speaking, changes in the universe of discourse can be reflected in the following ways:
1. An IRI, once minted, should never change its intended referent. 2. Literals, by design, are constants and never change their value. 3. A relationship that holds between two resources at one time may not hold at another time. 4. RDF sources may change their state over time. That is, they may provide different RDF graphs at different times. 5. Some RDF sources may, however, be immutable snapshots of another RDF source, archiving its state at some point in time.
Statement 1 is problematic: a primary source that changes keeps its IRI although its identity is changed (see Section 2). In addition, statements 4 and 5 have important consequences for historical sources. First, it follows the alive-dead Linked Data dichotomy: on the one hand, there is a living LOD cloud that is constantly updated and changed; on the other hand, a dead and archived LOD cloud exists as old snapshots of what once was alive. This situation corresponds to the life cycle of primary and secondary sources. All sources are first ordinary living LOD data, but the fact that they are archived to preserve their immutability turns them into primary sources. The metaphor of the alive-dead LOD serves well the purpose of primary and secondary sources as RDF graphs. For a primary source to be represented as an RDF graph, it is necessary (and sufficient) to be archived and preserved from change. This implies that primary source RDF graphs are always detached to some extent from their original context, as any other primary source. Consequently, (a) outgoing links of the dataset to other resources; and (b) schemas, vocabularies or ontologies used to model the datset might be partially lost or unavailable. RDF graphs of secondary sources, on the other hand, live in the LOD cloud similar to other datasets.
An Ontological Framework for Historical Sources
What are the basic ontological properties that characterize historical sources? In order to come with appropriate proposals on how to publish historical primary
